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Abstract
Sustainability is quickly becoming a “buzz word” in todayʼs environmentally
conscious world from political leaders to building professionals to design experts to
consumers as they rethink their impact on current healthy, efficient indoor/outdoor
environments as well as long term benefits to future generations.
This thesis seeks to investigate ways to increase the structural engineerʼs
influence over the sustainability of the building industry by using integrated design
teams. It explores current practices within the building industry, in particular the housing
industry and the ways in which the integrated design team differs from most current
practices. It strives to promote the positive impact an integrated design team with
structural engineers on board from the onset has on the design process as far as time,
cost, and environmental concerns are considered. This thesis continues by establishing
methods for measuring the success of an integrated design team, its effects on
sustainability, and how the structural engineer was involved.
The focus of this thesis is the New Norris House class project: its background
and the integrated design teamʼs process as it differs from the traditional design
concept. The results of the project including the LEED and HERS rating and material
efficiency and the impact of the structural engineerʼs inputs from the onset will be
discussed. The thesis ends with a discussion of the differences between the
educational and professional community and how integrated design teams are an
efficient and cost effective way to achieve high levels of sustainability.
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Chapter 1. Introduction
Our world population today has surged to an overwhelming number of 6.3 billion
people from 2.5 billion in the 1950s (Anonymous 2009), and in the past several decades
the world has experienced noticeable detrimental changes to the environment such as
depleting natural resources, species extinction, air and water pollution, ozone depletion,
and soil degradation, to name a few. Environmental stresses are often the result of the
growing demand on scarce resources and the increased pollution generated from the
increase in living standards. These changes lead to a concern as to whether the world
can sustain the current population and still be able to provide a consistent or better
standard of living for future generations, thereby renewing the idea of sustainability.
Sustainability is ensuring that the needs of the present are met without compromising
the ability of future generations to meet their needs (World Commission on Environment
and Development 1987).
Whether directly or indirectly, buildings and their construction make up 39% of
the United Stateʼs energy consumption (Ward 2010), 45% of the worldʼs total energy
use, 50% of all materials and resources (Anonymous September 14, 2004), 39% of the
worldʼs CO2 emissions (Ward 2010), 80% potable water use, 25% of freshwater
withdrawal, 40% of municipal solid waste destined for landfills, and 50% of the ozonedepleting CFCs still in use (Anonymous September 14, 2004). These statistics make
the progression of sustainable building practices a crucial responsibility to the building
community, and although sustainability is important to all industries, the application to
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the building industry could have a large impact on the sustainability of the worldʼs
environment.
The aim of this study is to explore the increase of the structural engineerʼs
influence over the sustainability of a structure through the use of integrated design
teams. This study will focus on the New Norris House limiting the scope of the
investigation to the influence within the residential building industry; nonetheless, the
implications of the study should be universal within the entire building industry.
Sustainability is defined in Chapter 2, which also includes a look at the
components that contribute to a structureʼs sustainability. Once an understanding of the
sustainability of a structure has been established, Chapter 3 explores the current
practices in the residential building industry and the current structural engineerʼs view
on sustainability. Other successful sustainable projects are discussed in Chapter 4 in
order to examine the design processes, identify the obstacles encountered and how the
obstacles might apply to the New Norris House, and to establish methods of measuring
success. This leads into the background of the New Norris House project and the
description of the integrated design team used in the study discussed in Chapter 5.
Chapter 5 not only describes the integrated design team, but it also describes the
design process used by the integrated design team and how it differs from a traditional
design process with no integrated design team.
Chapters 6, 7, and 8 reveal the results of the project and the structural engineerʼs
impact on those results in the form of the expected LEED (Leadership in Energy and
Environmental Design) rating, the expected HERS (Home Energy Rating System)
rating, and the material efficiency. The conclusions in Chapter 9 discuss the results and
2

their implications and how the results might be applied to the building industry outside of
residential, ending with areas of research that could be explored further.
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Chapter 2. Definition of Sustainability
As the statistics in Chapter 1 show, the building industry has a large negative
impact on the environment. It would be advantageous to investigate ways to reduce
this impact. In order to lessen the building industryʼs impact on the environment, the
challenge to the design community is to progress beyond designing simply “green”
buildings and begin designing sustainable, high-performing buildings (Subasic 2009).
This chapter investigates the influence the building industry has on the
environment. This thesis focuses on the residential portion of the building industry
which constitutes 51.5% (U.S. Census Bureau 2009) of the industry, making the
sustainability of residential structures an important part of the total building industry.
The chapter also defines what a sustainable, high-performance building is; it explains
factors that influence a structureʼs sustainability and how those factors could relate to
structural engineering.
A sustainable structure is one for which the site, design, construction, occupancy,
operation and maintenance, and deconstruction are considered in order to promote
energy, water, and material efficiencies while providing not only a comfortable, healthy
indoor environment but also long-term benefits to the owner, occupants and society
(Sustainable Buildings Industry Council 2008). In order to achieve a sustainable
structure, some of the principles that should be considered are as follows:
commissioning and decommissioning, high performance lighting, daylighting, visual,
acoustic, and thermal comfort, environmentally responsive site planning, water
efficiency, energy use analysis, renewable energy, energy efficient building envelopes,
high performance HVAC systems, passive energy systems, indoor environmental
4

quality, safety and security, life cycle cost analysis, and environmentally-preferable
building materials (Subasic 2009).
The commissioning and decommissioning relates to the adaptability or flexibility
of the structure. Currently, the United States generates about 136 million tons of
construction and demolition debris each year compared to the 210 million tons of
municipal solid waste generated the same year. Increasing the adaptability, flexibility,
and deconstruction ease of structures can decrease the building industryʼs wasteʼs
impact on landfills by prolonging the life of the building and allowing for salvage
opportunities at the end-of-life. Designers should consider issues like the structureʼs
possible reuse for other purposes when determining live loads, future additions, and/or
allowances for disassembly by clearly marking electrical circuits for easy identification
and removal, designing systems separate from one another, and choosing materials
and connections that can also be disassembled (Barr and McCafferty 2009).
Environmentally responsive site planning mainly includes storm water control and
the impact the structure has on the surrounding area and community, such as the
communityʼs water supply. Storm water control can be achieved by minimizing
impervious surfaces and exchanging them for pervious parking lots or vegetative roofs
(Subasic 2009).
Water efficiency is generally associated with the use of highly efficient water
fixtures, but it can also be achieved by means of water reclamation. Rainwater
collection systems can be incorporated with impervious roofs and used to irrigate, or be
treated and used for other domestic purposes. The gray water the occupants produce
can be used for irrigation as well with or without treatment.
5

Knowledge and use of passive energy systems help to influence the indoor
comfort, daylighting, and energy efficiency of the structure. The main components of
these systems include sun orientation, thermal mass, shading, ventilation, and
insulation. Structures oriented in the north-south direction with minimal east and west
windows and shaded southern windows in the summer maximizes the sunlight in the
winter allowing for optimal natural lighting without increasing the interior temperatures
during the warmer seasons. The thermal comfort can be increased even more by
allowing the winter sunlight to fall on an interior wall with high thermal mass. High
thermal mass materials such as concrete, concrete masonry units (CMU), or clay brick
will store heat from the sun. Operable windows are important to provide natural
ventilation during times of enjoyable outdoor temperatures. These components not only
magnify the indoor environmental comfort and quality, but they also allow the occupant
to use less energy for artificial lighting and HVAC systems. Also, north-south orientation
is the optimal orientation for photovoltaic panels allowing the structure to incorporate
renewable energy which also increases energy efficiency (Barr and McCafferty 2009).
The impact these systems have on the energy efficiency of the structure can be
confirmed by energy analysis programs.
The safety and security of a structure applies to the durability of the structure,
therefore increasing its longevity. The structure can be designed beyond life safety
(what the building codes call for) and be designed to withstand more strenuous loads in
order to protect possible expensive “green” systems and products contained within the
structure (Subasic 2009).
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When choosing building materials, efficiency, including waste management and
environmentally-preferable products, should be considered. Designing for the chosen
loads increases material efficiency; however, material efficiency can be further
influenced through the construction phase. Providing detailed drawing sheets with each
material and appropriate length will reduce waste due to mistakes. Also, carefully
planning the construction process can keep materials from sitting stagnant at a job site
where they are susceptible to weather damage and theft. Environmentally-preferable
materials can be different for each project and location; the embodied energy of the
material choices should be investigated in order to determine the best option for a
specific project, conditions, and situation. Embodied energy is the energy consumed to
extract, assemble, transport, install, remodel, and maintain a given material.
Contributions to a materialʼs embodied energy include extracting, harvesting, producing,
and manufacturing of the product, material transportation to and from the site,
construction related activities, such as water use while installing, maintenance repair
and replacement, and demolishing and disposal to name a few (Barr and McCafferty
2009). Other influences over the environmental preferability of a material might include
abundance and regional availability of a material, recycled content, reduced or
eliminated toxic substances, responsible storm water management, use of renewable
energy or alternate sources of fuel or water efficiency, and/or reuse in the harvesting,
production, or manufacturing process.
All the previously stated factors can contribute to the life cycle cost analysis,
which not only includes the initial economic cost of the building but also includes
determining the life span of the building materials used and the required operation and
7

maintenance costs. Consideration may also include end of life costs such as demolition
and recycling costs (Subasic 2009).
When first glancing over the factors that influence a structureʼs sustainability
introduced in earlier, it may seem that a structural engineer would only be able to affect
a few of those categories. However, after investigating each of these elements, it
becomes evident of the potential for structural engineer involvement and influence.
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Chapter 3. The Current Residential Building Industry
With an understanding of the factors that affect a structureʼs sustainability, but
before attempting to try and develop a process for increasing the structural engineerʼs
influence, the current residential building industry processes and practices should be
investigated.
The following two sections will explain the design through construction phases of
each type of home, and at what point the structural engineer might become involved.
Section 3.1 focuses on the Type A home which is the typical contractor-built home with
little to no professional design or architectural involvement. Section 3.2 focuses on the
Type B home which is the custom-built home or higher-end home with professional
design involvement. Section 3.3 will reveal survey results from structural engineers and
how they relate and support the statements in the first two sections.

3.1 The Type A Home
The Type A home is a contractor-built, speculative home. Sometimes the
contractor serves as the developer and builds a neighborhood based on a few home
designs that have already been approved; or, the contractor is given a set of already
approved plans by a homeowner, often purchased online, as from Southern Living
House Plans (http://www.slhouseplans.com/). In both cases, the structural framing is
frequently chosen by prescriptive methods from load or span tables in product manuals
or in the International Building Code, IBC (International Code Council 2006). An
example of a product manual span table that a contractor might use to determine floor
joists is shown in Figure 1.
9

Figure 1. Wood I-Beam Joist Span Table (Georgia-Pacific Wood Products 2008).
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If the contractor and/or the homeowner decide to make sustainability a priority,
the contractor can follow the prescriptive methods explained in the National Green
Building Standard supported by the National Association of Home Builders National
Green Building Program (National Association of Home Builders and International Code
Council 2008). That book explains sustainable methods for site preparation and
building, and the contractor can choose how few or how many sustainable methods
they would like to employ. The Green Scoring Tool allows the contractor to track his or
her success (National Association of Home Builders 2008).
With this approach, the Type A home can be built (sustainable or not) without
required contribution from the structural engineer. The structural engineerʼs
involvement might become necessary if problems arise. Problems that might require
the attention of a structural engineer include:
1.

The contractor or homeowner wishes to make changes to the set of approved
plans, such as adding square footage or removing parts of load-bearing walls,

2.

The local building inspector requires approval for some aspect of the foundation
or framing, or

3.

The specific site requiring unexpected foundation or retaining wall design.
For problem 1, the structural engineerʼs effect on sustainability would be limited

to durability and/or recommending the selection of environmentally-preferable materials.
At this point in the project, the structural materials have already been chosen, but the
structural engineer could recommend the use of the more environmentally friendly
option of this material, such as local lumber or recycled steel. Also, he or she could
increase the durability of his or her design by considering the possibility of future
11

additions and the loads that might accrue, salvaging possibilities by designing
connections that can be easily detached, or by designing the members to endure for a
longer time. However, the increase in durability would be limited to the selected portion
of the house that the structural engineer would be addressing.
At the time of involvement for problem 2, construction would have already begun
making problem 2 a limited area for influence. If inspection reveals that changes need
to be made, then the structural engineer could influence the sustainability of those
changes through durability and/or environmentally-preferable projects such as problem
1.
For problem 3, the structural engineerʼs influence over sustainability could be
greater than the previous problems depending on the amount of foundation and/or
retaining walls are required. The structural engineer could also have an impact over the
structureʼs durability and what environmentally-preferable products are chosen as
shown in problem 1 and 2. If the materials have not yet been chosen, then the
structural engineer can investigate all environmentally-preferable options and choose
the most appropriate for that particular site and application, therefore having a larger
impact.

3.2 The Type B Home
The Type B home is a custom or higher-end home designed by an architect.
With this type of home, the architect is typically hired by the homeowner and together
they will make decisions on whether or not to pursue sustainable approaches and to
what degree. The structural engineer typically becomes involved in the project once the
12

full design or design concept is complete. Depending on the complexity of the structure,
the responsibilities of the structural engineer could be as much as a full set of structural
framing plans with foundations, or as little as sizing a few beams and columns or
verifying foundation design. Architects have varied structural knowledge, and they can
also use load and span tables to size typical framing members.
With a Type B home, the structural engineer is possibly involved earlier in the
project than they might be with a Type A home, allowing the opportunity to have a
greater impact on the structureʼs sustainability. However, the structural engineerʼs
influence would be limited to the areas of the home that the structural engineer is asked
to design. At this point in the design process, with the design practically complete, the
building materials have been chosen. Thus, the areas of sustainability that the
structural engineer can influence would include adaptability, durability, and
environmentally-preferable materials similar to the Type A home described above.
If the structural engineer is designing a majority of the structural framing, then he
or she could have a noticeable effect over the material efficiency as well. Any member
designed by a structural engineer should be an efficient use of material designed to
withstand the assumed loads; the more structural members that are engineered, the
more influence the structural engineer has over the homeʼs material efficiency.

3.3 Survey of Structural Engineers
The information provided in the previous two sections is supported by the data
obtained in a survey I conducted of local structural engineers, (practicing in Tennessee,
mostly east Tennessee). The survey was distributed to Tennessee structural engineers
13

through the chapters of the American Society of Civil Engineers, (ASCE), and the
Structural Engineers Association, (SEA).
The survey was aimed at discovering the current industry practices by
determining when the structural engineer might become involved in the design process
of a residential home and what would they be asked to do; I also wanted insight into
how structural engineers believed that they could influence the sustainability of
residential structures. The survey included three questions:
1.

What would your design responsibilities and process be for a residential home?

2.

At what point would you become involved in the project, and what information
are you given in order to begin the project?

3.

If, in the same project, you were asked to keep sustainability in mind, what
influences could you or would you make to the structureʼs sustainability?

Twenty-four civil/structural engineers responded to the survey. Thirty percent, (30%), of
the survey answers indicated responsibilities in a Type A or Type B home with
involvement occurring at the completion of the design or design concept and as
problems arose. Sixty-one percent, (61%), of the survey answers indicated involvement
in a strictly Type B home following the architectʼs completion of the design or design
concept. Responses on sustainability influence varied from no influence to influence
over environmentally-preferable materials, material efficiency, and durability. Twenty-six
percent, (26%), of the survey-takers felt they could have no influence over the
sustainability of a residential home; however, of that 26%, one survey-taker indicated
that there could be more influence if the structural engineer was more involved in the
project. Forty-three percent, (43%), of the survey answers indicated that the
14

sustainability of the materials could be influenced by either choosing environmentallypreferable options of the materials already selected and/or use the materials efficiently.
Only 8.7% of the surveys indicated that the durability of the home could be influenced
and only 13% said that the thermal efficiency or envelope of the home could be
impacted. There were a few responses that mentioned other categories of influence
that were not expected, such as storm water control through rain collection or controlling
pervious surfaces, and the implementation of passive systems. The survey answers are
summarized in Table 1 and some typical survey answers can be found in Table 2.
As shown in Sections 3.1 and 3.2 and supported by the responses from local
structural engineers, it seems that current residential building industry methods allow for
the structural engineer to influence none to a minimal amount of the sustainability of the
structure. If the structural engineer is involved earlier in the project, then he or she
could directly or indirectly influence many facets of the homeʼs sustainable criteria. Two
survey-takers indicated a preference for an integrated design team approach to
residential design allowing all stakeholders to be involved in the project from the very
beginning. Because of experience with integrated design team approach, those surveytakers listed many other ways that the structural engineer could influence sustainability,
such as: employing integrated design principles, protecting and conserving water, and
enhancing indoor environmental quality, along with increasing material efficiency,
thermal efficiency, and durability. The integrated design team and the structural
engineerʼs role as a team member merits further investigation and could optimize the
sustainability of structures.
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Table 1. Summary of Survey Answers From Local Professionals

Categories of Sustainability
Influence

Percentage of Survey-Takers Who Felt They
Could Influence This Category

Materials: efficiency and
environmentally-preferable

43%

Durability

8.7%

Thermal efficiency or envelope

13%

NO INFLUENCE

26%
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Table 2. Sample of Survey Answers Indicating Different Categories of Sustainability Influence

Questions

Typical Answers Indicating Influence Over:
Materials

Durability

What would your
design
responsibilities
and process be
for a residential
home (even if
your
responsibilities
would be
minimal to none
because
structural
engineers arenʼt
generally
required for
residential
homes)?

In residential
projects we, as
structural engineers,
get called upon
typically in higher
end homes where
the intricate floor
plans make for
complicated load
paths. Our
responsibility is
limited to helping
the architect realize
the architectural
goal, using
materials selected
by the architect.

Structural engineers
would get involved
when there are nonprescriptive design
requirements.
Normally for larger
homes and/or cut up
framing plans.
Example would be a
large/long opening
that is in a loadbearing wall. Also, if
the home is
designed with light
gauge steel studs a
structural engineer
might be involved.
The State of TN
requires a structural
engineer for homes
larger than 5,000
SF.

Foundation (footer
and wall), floor,
porches and
stairwell, and roof
design.

Designing member
that are beyond the
capability of the
lumber supplier,
such as steel beams
and columns for
long spans

At what point
would you
become
involved in the
project? And,
what information
are you given in
order to begin
the project?

We get involved
once the architect
has reached
substantial
completion of the
project. Structural
engineers typically
have to make the
concept work.

Funny you should
ask. Should be
involved in the
design process, but
normally called in
after the fact when
there are problems
during construction
or after it is
completely built.

Following
conceptual design
approval by owner.
Provided with
regional locations,
unique location
code requirements,
site conditions and
structureʼs general
geometry, i.e.,
foundation depth
and soil conditions,
specific structural
feature and unique
building materials,
etc..

I work with several
high end custom
home builders that
build homes for 1-6
million in value. The
builder will start with
a set of plans from
say Southern Living
and then modify
these plans using a
drafting service to
meet the clients
needs. He will then
turn the plans over
to his lumber
supplier who will
generate a set of
plans showing TJI
framing with
microlam beams. At
this point he will
review the plans wit
me to design
members outside of
the design capability
of the supplier.
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Thermal
Efficiency

No Influence

Table 2. Continued

Questions

If, in the same
project, you
were asked to
keep
sustainability in
mind, what
influences could
you or would
you make to the
structureʼs
sustainability?

Typical Answers Indicating Influence Over:
Materials

Durability

Thermal
Efficiency

Residential
structures are
typically built with
wood or light gage
metals (recycled),
both of which, I
believe, are
regarded as
sustainable.
Additional
contribution to
sustainability by the
structural engineer
is limited

Light gauge steel
increased the life of
a structure plus
eliminates termite
contracts. Using
metal roofs in lieu of
asphalt shingles
would be a big
green item. Painted
Kynar finishes on
metal give
recognized green
values.

The architectʼs
owner approved
conceptual design
would dictate the
major features I
would prepare my
design within. In
additional to those
included in #2
(above), and within
the approved
conceptual design, I
would focus on
improvements to the
buildingʼs structural
envelope utilizing
and/or supporting
the following:
•local materials
suitable to the
regional and specific
structureʼs locations
•thermally resistant
structural materials
•accommodating
incorporation of
high-performance
(super efficient
Energy Star and
Green Building
rated systems and
equipment) and/or
natural systems
• highperformance
heating,
ventilation,
humidity
control and air
conditioning
(HVAC)
systems
• lighting system
• water system,
i.e.,
conservation
and efficiency
measures

18

No Influence
None.

Chapter 4. Successful Sustainable Projects
Chapter 3 explores the typical practices and sustainability within the residential
building industry and how the structural engineer is involved. Although integrated
design teams are currently a minority within the design community, there are some
projects that employ them.
This chapter focuses on ecoMOD1, a successful sustainable project that was
designed with an integrated design team in a university setting and the California
Academy of Sciences designed with an integrated team members from ARUP. It
investigates how integrated design teams were used, what obstacles were encountered
when attempting to design a sustainable structure with an integrated design team, and
how the success of the project was measured.
EcoMOD is a research and design / build / evaluate project at the University of
Virginia School of Architecture that strives to create ecological, modular and affordable
house prototypes. The project works in partnership with the UVA School of Engineering
and Applied Science, and the goals are to demonstrate the environmental and
economic potential of prefabrication, and to challenge the modular and manufactured
housing industry in the U.S. to explore this potential. The program utilizes students
from the disciplines of architecture, engineering, landscape architecture, historic
preservation, business, economics, environmental science, planning, nursing and
medicine, all participating in the design, construction and evaluation phases of the
project. The program aims to challenge the idea that sustainable residential design is a
luxury only reserved for the wealthy, because “...it is individuals at low and moderately
low income levels who can truly benefit from the reduced energy, water and
19

maintenance costs associated with environmentally responsive homes. The ecoMOD
project is committed to bringing sustainability to affordable housing by re-imagining the
idea of ʻhomeʼ through thoughtful, efficient and ecological design (ecoMOD 2008).”
The ecoMOD1 design is the first two-unit condominium in the city of
Charlottesville, VA, sold with down-payment assistance and subsidized financing by
Piedmont Housing Alliance. “The primary design strategy of ecoMOD1: the OUTin
house, is to make the entire site habitable and useable. Rather than a rectangular box
without functional outdoor spaces, the OUTin house is placed to merge outside and
inside places. Sunlight, breezes, vegetation, the earth and the surrounding context are
brought into the house through passive design strategies and shifted modules that
define outdoor / indoor spaces. OUTinʼs design strategies are grounded philosophically
and formally in our ecological mission, making ecology legible for the inhabitant
(ecoMOD 2009).”
The integrated design team was organized as follows: students from varying
disciplines enroll in either the engineering seminar or the architecture studio class. The
professors start off by organizing the students in teams based on areas of interest.
There is a clear set of objectives and steps required to achieve those objectives, and
the students submit progress reports throughout the semester. Each team meets with
the professors and the teams meet and coordinate with one another. The architecture
studio and the engineering seminar generally meet at the same time so that students
can mesh together as much as possible. The meshing allows for a more singular effort
rather than two different teams designing the project (Marshall 2009).
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According to Professor Marshall, the most notable challenge within the integrated
design team has been the culture differences between architecture and engineering.
Engineers are characteristically left brain thinkers while architects are characteristically
right brain thinkers. The different ways of thinking mean the engineers approach
problem solving logically and mathematically while architects may consider the logic of
the problems, they also approach problem solving philosophically. The results render
black and white solutions from engineers and solutions sometimes falling in the gray
areas from the architects. These differences make it difficult for the students to
understand and appreciate one another; so, communicating and working together is
problematic. However, Professor Marshall is convinced of the importance of integrative
design teams and interdisciplinary cooperation.
The projects encounter other obstacles. According to Professor John Quale,
some of the obstacles they face include clients and other interested parties involved that
do not support or understand the intentions of the project, and the additional costs of
some sustainable technologies, which can represent a larger percentage of the budget
for affordable housing as compared to the budget for commercial structures or market
rate housing. They have succeeded in their efforts by working closely with the local
affordable housing organizations such as the Piedmont Housing Alliance and Habitat for
Humanity. Although they are pushing the organizationsʼ green designs farther than they
normally would, they have proved receptive and understand and care about the same
issues such as taking care of indoor and outdoor environments, and affordable housing.
When dealing with added expenses, they work to stay within the clientʼs budget for the
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baseline building (including “low-tech” sustainable approaches) and they raise separate
money for the high tech devices and appliances (Quale 2009).
The team continues to monitor their projects after completion to verify expected
outcomes, learn from their efforts, and then apply them to subsequent projects.
ecoMOD1: the OUTin house reports about a 50% reduction in energy consumption
compared to a home of similar size and occupancy. Figures 2 and 3 show a breakdown
of the ecoMOD1ʼs energy consumption over two years and an energy consumption
comparison between ecoMOD1 and an average 1000-1500 square foot U.S. home
(Marshall 2009).
Another exceptional example of a successful sustainable project is the California
Academy of Sciences, designed using an integrated design team including engineers,
designers, and consultants from ARUP. Some of the important structural features on
the building included the green roof and the rocking walls, both of which are nontraditional elements that are beyond what is generally addressed in the building codes.
Rocking shear walls as opposed to conventional fixed shear walls are paired with nonload bearing, non-linear supplemental damping systems for energy dissipation to
improve seismic performance. Rocking walls can save money because they can
minimize or eliminate the need for ground anchors and other materials associated with
deep foundations. The engineers involved with the project felt that the obstacles
associated with green roofs -- its effects on other various systems, including energy
performance, seismic behavior, plumbing, drainage, and landscaping--required
collaboration with other disciplines. The use of rocking walls is a new concept, which
required proof of its validation to the local codes officials in order to receive approval.
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Convincing the codes officials was accomplished by advanced analysis through the
expertise of ARUPʼs advanced technology group and in-house structural analysis
software. The engineers involved felt that the obstacles to the green roof and the
rocking walls would have proven very difficult had they not had the advantage of
working in an integrated design team enabling constant communication, demonstration,
and perseverance (Yang 2009).
The Platinum LEED rating received by the California Academy of Sciences is one
of the ways that the integrated design team measures the success of their project. The
structural engineers involved also measure the success of the project through the lifecycle energy and water savings analyses, the cost savings, the resource savings, the
lessened impact on the surrounding environment, and the increased seismic safety to
the community (Yang 2009).
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The ecoMOD program and the California Academy of Sciences show that
achieving sustainability in the building industry is possible and that integrated design
teams are a way to obtain high sustainable goals, but not without some obstacles. We
can expect that communication and meshing challenges within the integrated team as
seen by ecoMOD and our project, the New Norris House, could also be met with
budgetary roadblocks and misunderstandings from involved parties. The obstacles
experienced by the integrated design team involved with the California Academy of
Sciences indicate that the New Norris House could also be met with permit issues from
the local code officials when trying to design outside the scope of what is addressed in
the building codes.
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Chapter 5. The New Norris House
Chapter 3 describes the current state of the residential building industry which
seems to indicate minimal contribution from the structural engineer on the sustainability
of the home. It is my belief that the structural engineer could have a larger influence if
his or her involvement in the design process began at the onset of the project. This
type of involvement would mean employing the methods of an integrated design team
where all stakeholders are involved in the project from the beginning. As proven by
ecoMODʼs energy performance and the LEED platinum rating of the California Academy
of Sciences, an integrated design approach can produce a successful sustainable
project. By being involved in the integrated design team charged with designing the
New Norris House, it is my intent to show how much more influence the structural
engineer as part of an integrated design team can have on the homeʼs sustainability as
opposed to the traditional design settings described in Chapter 3.
This chapter will begin by giving the background of the New Norris House
project. With an understanding of the project background, the chapter will then describe
the integrated design team and the people involved. The design process will be
explained and how it differs from the processes described in Chapter 3.

5.1 Project Background
The New Norris House is one of six national winners of the 2009 Environmental
Protection Agency's People Prosperity and the Planet (P3) Competition. The idea for the
project is centered around the ideals on which the town of Norris, Tennessee was built.
In 1933, the Tennessee Valley Authority constructed an innovative community as part of
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the Norris Dam construction project. The town of Norris was one of the nationʼs first
planned communities. A key feature of this New Deal village was the Norris Cottages,
homes built as models for modern and efficient living. In light of the seventy-fifth
anniversary of the town of Norris, students sought to reinterpret the Norris paradigm to
create a New Norris House - a sustainable home for the twenty-first century. As a
result, the idea for UPLOAD was developed for the New Norris House and the P3
competition. “UPLOAD explores the potential for a future where the mechanics of
globalization function synergistically with local economies. As the pendulum swings
from a history of predominantly localized economy to a predominantly globalized
economy and the effects therein, UPLOAD sees a middle ground where a new type of
strengthened local economy becomes possible precisely because of the products,
technologies and networks of communication resulting from the previously flattening
and homogenizing forces of globalization. The idea of UPLOAD finds its basis and
grounding in our understanding of the history and specificity of the town of Norris; we
recognize that the concepts for UPLOAD were already latent to the town and had only
been dormant. It is from this basis that the conceptual framework developed and
expanded to take on a universal or multilateral dimension, to reach all places and times
(Hooten, Luster et al. 2009).”
As a result of the projectʼs success at the competition, the New Norris House
received funding to both finish the design development through the construction
documents and to build the home. A deed restriction prevented use of the originally
intended lot, which led to the gift of another Norris lot. At the start of the Fall 2009
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semester, an integrated team of students began applying the original design principles
to the new site.

5.2 Integrated Design Team Description
An integrated design team seeks to utilize all interested parties, such as clients,
architects, engineers, and contractors, in the entire design process from beginning
design through completed construction. Our design team included students from the
University of Tennesseeʼs College of Architecture and Design, College of Engineering,
and Environmental Studies. The team members are as follows: architecture - Arklie
Levi Hooten (Levi), Daniel Luster, Steven Nicholas Richardson (Nick), and Andrew Ruff
(Andy), engineering - Matthew Snyder (Matt), Hanya Senno, Anupont Thaicharoenporn
(Benz), and Mary French, and environmental studies - Ryan Edwards. I surveyed all
the team members to determine their responsibilities, design process, and how they felt
each differed from a traditional design setting, which can be found in Appendix C. Also,
all students felt that integrated design teams were crucial to efficient sustainable design
because so many sustainable components traversed many disciplines. I will describe
the results from each student in the following paragraphs.
Hanya Senno was a senior in the Fall of 2009 in civil engineering with a
concentration in environmental engineering. Her responsibilities for the project included
researching waste water pretreatment options and design plan, help with the design of
the rainwater collection system, and outline a plan for an irrigation system using the
gray water discharge from the house. To achieve the project goals, her design process
began with background research on waste water pretreatment and gray water
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discharge. At that point, LEED criteria and site constraints were considered. The
pretreatment for the waste water was never developed beyond the conceptual level as it
did not seem feasible for a small scale project and would be better suited at the macro
level. Finally with the assistance of the engineering faculty, a gray water discharge
system was designed and load calculations were used to verify the design parameters.
During the design process, the project required constant communication, input and
updating with the other disciplines and teams; Hanya felt this constant communication
would not have been realized in a traditional design setting because different team
members/disciplines are involved at different times during the design process in a
traditional setting.
During the Fall 2009 Andy Ruff was a senior in architecture and his
responsibilities included research, architecture details, organizing all the product
specifications in a manual, and staying in constant communication with the pertinent
permitting office. Based on the literature and project research, we anticipated
resistance from the building code officials and the community. Andy was responsible for
keeping community and building officials involved in our design process in an effort to
avoid resistance during construction. According to Andy, his design process included
the application of significant amounts of research that could allow the house to progress
in a practical manner and on a culturally relevant scale. Although he was given a
precise role allowing him to focus on a few specific topics, responsibilities overlapped
and the collaborative process enabled all team members to integrate themselves into
the final solution.
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Levi Hooten is a senior in the school of architecture and was part of the original
design team that took part in the P3 competition. Leviʼs responsibilities included the
schematic design, design development, energy analysis (including the sunlight
modeling), the CAD drawings, and presentation. During the semester, Levi sought to
integrate our project into a very vernacular and strong community. Levi felt our design
process differed from what he was used to because he was constantly communicating
his decisions to the other team members to confirm their practicality.
Daniel Luster is a senior in the school of architecture and was also a part of the
original design team with Levi. His responsibilities included designing, coordinating with
other disciplines and developing architectural and framing CAD drawings. His design
process involved working with the other architecture students on a daily basis and
meeting and working with the environmental science and engineering students two to
three times a week. Despite the give-and-take and back-and-forth on drawings and
project issues during design sessions with various team members, Daniel felt that the
sessions created a smoother design process preventing extensive backtracking that
occurs in many traditional design settings.
Matt Snyder is a junior in civil engineering whose responsibilities included site
planning and surveying, researching and designing a water reuse and treatment
system, and working on obtaining the water systems permit. His process involved
researching codes pertaining to the water system, trying to work within those
constraints, and keeping the governing bodies apprised of our design. He also visited
other sites for examples on what could be done and then began developing the design,
synthesizing it with the rest of the project and evolving the design to the final product by
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working with input from other disciplines. He was also instrumental in our project
obtaining an experimental water system permit so that we can employ our rainwater
collection, treatment, and gray water dispersal system.
Nick Richardson is a graduate student in architecture and his responsibility was
to effectively implement the LEED for homes criteria into our project. It was his
responsibility to ensure that the sustainable features developed by the team were in
compliance with the LEED strategies. He devised a LEED plan that would earn the
project as many LEED points as possible so that we could achieve a Platinum rating
(the highest LEED rating). He assigned each team member LEED categories to
investigate to make sure that their design could and would earn those particular LEED
points. According to Nick, the integrated team and regular meetings allowed the team
to stay focused on the common goal of an efficient, sustainable home thus resulting in a
more innovative project than might have been realized in a traditional design setting.
Benz is a Ph.D. student in civil engineering with a structural concentration. He
was responsible for material research and foundation research and design. He began
the semester researching material recycling opportunities in the dilapidated home on
our site and helping in the research of green material options for our particular region
and project. He also researched foundation options, worked closely with the
architectural team to choose the best foundation type for our project, designed the
foundation, and served as a liaison to the company providing the foundation material.
Ryan Edwards is a junior in environmental studies. He was responsible for
working with Nick on navigating the LEED for Homes manual. He investigated all
possible credits the project could earn and then worked with each team to ensure the
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proper implementation of the strategies described in the LEED for Homes manual in
order to obtain those credits. Ryan feels that he would unlikely be asked to become
involved in traditional building projects; although, he does feel it would be difficult for a
project to apply LEED strategies and become certified without a LEED coordinator
focusing solely on organizing LEED strategies. He said integrated design teams are the
best way to achieve high levels of sustainability without backtracking or a number of
setbacks. Working together allows systems to become integrated which Ryan feels is
necessary for energy and water efficiency.
I am a graduate student in civil engineering with a structural concentration. My
responsibilities included material research, determining dead and live loads, designing
the framing and connections, sketching framing plans and details, and marking-up the
structural and architectural drawings for corrections. I began the semester by
researching the structure of the original Norris cottages and determining if they could
meet current structural code requirements (which some framing could not). I also
assisted in researching material recycling options in the existing structure on our site. I
investigated whether the components of the 2x4 wood trusses could be reused as wall
studs and conversed with a masonry specialist on how to determine if the CMU block
which comprised all the walls could be reused. I worked closely with the architects to
help them achieve their goals of floor plan openness and material efficiency. During
design meetings with the architects, the design went through several iterations before a
final design concept and respective framing plan was chosen (calculations can be found
in Appendix B). Also, throughout the process, I tried to be mindful of the construction
process, whether it would be panelized or modular. Beams and posts were generally
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sized in even numbers options so that they could be split apart; for example the floor
girder was chosen as a quadruple 2x10 and among the ridge beam possibilities, a
double 1 3/4” x 14” LVL was chosen. A ridge beam was chosen to maximize the volume
of the structure and eliminate the need for collar ties or ceiling joists that would create a
sometimes minimally used attic. The exterior walls were chosen to be 2x6 studs in
order to increase the R-value (the thermal resistance or the inverse of the thermal
conductivity) of the wall and optimum value engineering, (OVE), techniques were
employed, which requires case-specific analyses, to maximize insulation and minimize
material waste. Framing using the methods of optimum value engineering is not as
common as traditional framing methods because it requires engineering analysis of
some of its components that for traditional framing can usually be found in load and
span tables. Also, since OVE is not as common of a building practice, some of its
techniques can be more difficult to install and require more hardware than traditional
framing such as splice plates, header hangers, or two stud corners with drywall clips or
scrap lumber (we found that drywall clips were difficult to find in the East Tennessee
area). Optimum value engineering techniques include:
1. Spacing studs, floor joists, and roof joists at .61m (24”) on center,
2. Stacking roof joists, floor joists, and wall studs to eliminate double top plates,
3. Designing homes on .61m (2ʼ) modules to help minimize sheathing waste,
4. Aligning the window and door openings with the .61m (24”) stud framing where
possible to eliminate excess studs (the needed king studs),
5. Sizing some windows for the .61m (24”) opening that require no headers at all
when possible,
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6. Using two stud corners with scrap lumber instead of three or four stud corners
minimizing lumber and maximizing insulation,
7. Doing away with headers in interior or non-load bearing walls,
8. Sizing headers correctly in load bearing walls,
9. Insulating headers with rigid foam instead of using plywood spacers,
10. Installing headers with hangers instead of using jack studs,
11. Using flat blocking or a single 2x6 backing nailer at the intersecting or partition
walls instead of four or five studs, and
12. Using foam sheathing instead of OSB or plywood where possible.
I felt our constant collaboration allowed for a streamlined design process resulting in an
efficient use of space and materials making our project unique as the architects had
constant framing input while still establishing their design concept. In my experience in
traditional design settings, trying to achieve a similar outcome would have been difficult
and quite possibly could have resulted in partial or full redesigns since the structural
engineer would not be giving framing input until after the design concept was complete.

5.3 Design Process
The general design process of an integrated design team is shown in the
following step-by-step procedure as it was utilized for our project starting in the fall
semester of 2009 (August 2009).
1. Establish the project team (August 2009)
1.1.

Developer/Clients: with our project we acted as the developer and clients,
and we also acknowledged the town of Norris as the clients as well
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1.2.

Design Team: we sought to generate interest with other disciplines by
presenting our project to the student chapter and local professional chapter of
the American Society of Civil Engineers and by sending letters to the
University of Tennessee College of Engineering

1.2.1. Civil/structural engineer: we obtained students who were supported by
the faculty and professional community
1.2.2. Civil/environmental/water resource engineering: we acquired students
with the support of the faculty and professional community
1.2.3. Environmental Studies: we obtained a student
1.2.4. LEED Coordinator: we acquired an architectural student who was also a
certified LEED AP
1.2.5. Mechanical, electrical, plumbing (MEP) professional: we did not manage
to enlist a student from this discipline, but a school of architecture faculty
member specializing in such agreed to assist us in our design
1.2.6. Contractor: we originally worked under the assumption that the students
would be building the project under the guidance of a contractor, but later
in the semester, enlisted the help of Clayton Homes (which will be
explained later)
2. Define project goals and concepts (September 2009)
2.1.

Goals: achieving sustainability and working within a budget

2.2.

Concepts: working within the design concepts laid out in the original project
sent to the P3 competition
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During this time, architecture students Daniel and Levi explained the philosophical goals
to the team that the project was meant to accomplish within the community and what
features of the project were architecturally important. This proved somewhat frustrating
for the architects, because much of the team had no experience with the architectural
process; therefore, it became imperative to clarify what was vital to their profession.
The remainder of the team began background research on the project, the community,
the existing homes, and infrastructure, as well as additional research into sustainability
and innovations in their field pertaining to sustainability. The structural team performed
a structural analysis of the existing original Norris Cottages. Although most of the
original homes are in good, livable condition, they did not completely meet todayʼs 2006
IBC code requirements. The span of the first floor girders exceeded the maximum
allowable span which is most likely why some of the cottages we visited had added
girder supports not shown in the original plans. Also, the second floor framing did not
meet the allowable live load requirements for habitable attic space according to the
2006 IBC but the framing was not off by much and not exhibiting noticeable signs of
failure. Communication and working together proved arduous due to different
backgrounds and experiences and lack of understanding of each otherʼs design
responsibilities; however, the research helped to provide an understanding of the project
and sharing the research process with each other helped team members acquire
general understandings of each otherʼs disciplines.
3. Schematic design: This phase of the design process is where the integration truly
takes shape and collaboration between all teams becomes crucial to achieve the
goals set forth in step 2. Also, as all teams began working through their designs,
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they were conscious of the assigned LEED categories, making sure that their design
components were accomplishing the applicable LEED credits. Communication
between teams of various disciplines was new to most of us and seemed unnatural
in the beginning. For example, the architectural students think and learn visually
and focus on the form of the structure as well as its function. However, the
engineering teams think technically and are not accustomed to considering the form
of their design, generally only taking into account its function. By October, as each
team began to identify with each otherʼs goals, priorities, and design processes,
effective communication became evident and the project began making significant
progress. We were all working toward a mid-October meeting with Clayton Homes
to spark interest and hopefully procure involvement.
During this phase, the structural team met extensively with the architectural team
to secure a design. The common goals included maximizing the volume since the
footprint was only 6.1m x 9.1 m (20ʼ x 30ʼ), maximizing the thermal efficiency of the
whole house, determining an efficient use of windows and skylights to maximize natural
light, ventilation, and solar heat gain in during colder seasons based on the daylight
modeling performed in Ecotect (in Figure 4), and maximizing material efficiency and
environmental friendliness.
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Figure 4. Daylight Modeling From Ecotect

As the structural engineering team, we investigated the material options and
discussed with the architects the pros and cons of the choices. In most areas of the
U.S., timber products are readily available and are harvested and milled within a 500
mile radius, which is part of the reason for timberʼs low embodied energy. Also, timber
is considered renewable and if the wood is harvested and is not allowed to decay, it will
continue to store all the CO2, carbon dioxide, that the tree absorbs during
photosynthesis (Ward 2010). In the East Tennessee area, southern yellow pine, SYP, is
readily available and we were able to find SYP that was harvested and milled within the
500 mile radius. Considering the small size of the project, it was decided that timber
products offered the most appropriate option with the lowest embodied energy, about
1.2 MJ/kg (Barr and McCafferty 2009). Although timber is the most sustainable choice
for our project, it may not be the best option for all projects. Timber is not strong
enough to be used to build skyscrapers, for example; it does not have the same
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strength as concrete or steel. Once that was determined, we had to decide whether we
wanted to use traditional timber framing or structurally insulated panels (SIPS).
Although the SIPS could provide larger R-values, we chose timber framing based on
local availability and cost. In order to achieve similar R-values as in SIPS, the structural
engineering team suggested using optimum value engineering methods (listed earlier)
which included spacing all framing members at .61 m (24”). Knowing this information
before being too far along in the design process and drawings kept the architects from
having to redesign plans. After these decisions were made, we calculated the minimum
framing sizes needed by determining the required live loads and estimating the dead
loads (since all the finish materials had not been chosen), all in accordance with the
2006 International Building Code, IBC, (all calculations can be found in Appendix B).
Due to the roof slope, the roof live load could be reduced from 0.96 kPa to 0.81 kPa (20
psf to 17 psf) and the dead load was assumed to be 0.96 kPa (20 psf) since the final
roofing materials had not been decided (roof joist calculations can be seen in Figure 5
and all calculations can be found in Appendix B). The floor live load was 1.92 kPa (40
psf) and the dead load was more accurately calculated since we knew most of the
materials being used. The dead load used for the first floor was 0.48 kPa (10 psf) and
the dead load for the loft was 0.72 kPa (15 psf). The loads for the walls studs included
vertical loads induced by the roof and the loft where applicable and horizontal loads of
around 0.86 kPa (18 psf) from the wind. Once the minimum allowable sizes of framing
members were calculated, we worked with the architects to decide whether to use the
minimum allowable sizes or increase the sizes to increase R-values. We increased the
sizes of the wall studs from 2x4s to 2x6s and the roof framing from 2x8s to 2x12s. We
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efficiently sized window headers as double members so that insulation could be placed
in between the framing members. When designing the roof, the architects chose a roof
slope to match the existing homes in the area and wanted to eliminate an attic or collar
ties so that the space was more open and there could be a loft in part of the house.
This could be accomplished by using a ridge beam or a middle load-bearing wall.
Keeping in mind the possibility of future alterations, the structural engineering team
encouraged the use of a ridge beam and gave the architects several spanning and
material options. This allows for a more flexible and adaptable structure. The structural
team consistently campaigned for flexibility so that the home could be added on to or
adapted as needed if an owner chose. Although the architectural team did not always
consider that their design may change someday, the structural team remained diligent
that the allowing for future flexibility if the situation ever arose would make for a more
sustainable home. When working on the foundations, instead of having floor insulation
and a ventilated crawl space, it was decided to use a conditioned crawl space. This
meant the structural engineers would design an insulated foundation. Benz determined
that Superior Walls insulated precast foundation walls were the most environmentally
friendly option that provided an R-value of 12.
Although there were no MEP students in the course, some students were
researching our options and working with the faculty on the design. As the structural
engineering team, we helped in the development of the solar hot water heater. The
architects had to ensure that the dormer, where the water heater solar panels were
going to be placed, had correct sun exposure and the structural engineering team had
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to ensure that the added loading of the panels would not exceed the capacity of the roof
joists.
The structural engineering team worked with the water resources team on the
rainwater collection and treatment system. The roof slope made rainwater collection
easy and kept collection off the roof so that we did not have to account for those loads.
However, the cistern required to house the collected rainwater would have a 1,364 liter
(300 gal) capacity; therefore we had to design a foundation to carry the weight if the
cistern were to reach capacity. Also, the cistern housing was placed at the back of the
house with a partial enclosure which meant designing the ridge beam so that it could
cantilever out past its last house support and catch the cistern roofing.
Our meeting with Clayton Homes was successful and they became involved in
the New Norris House as the contractors leading the project into step 4. Some of the
presentation renderings for Clayton Homes that resulted from the schematic design
phase can be seen in Figure 6 through Figure 8.
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Figure 5. Roof Joist Calculations
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Figure 6. New Norris House Site Plan

Figure 7. New Norris House Rendering
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Figure 8. New Norris House Framing Axon

4. Design Development: During this stage of a project, the team is working on finishing
the design details, drawings, and specifications including all material choices. Upon
completion of this stage, the construction documents (CDs) will be completed
including cost estimates. Also, if attempting LEED certification, a LEED charette
should be assembled during this phase to ensure that the project is on track with its
LEED goals.
Since we were approaching the end of the semester, we finished as much of the
construction documents and details as possible. Although the structural team had been
keeping the possibility of modularity in mind, we had to meet with Clayton Homes to
discuss ways to split the house for transportation. Due to the height, transportation of
the house with the roof attached became an issue as well; so, we discussed creating a
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steeper pitch to allow for a scissor truss that could be transported separately or creating
a hinge in the roof joists that would be extended once the house was in place. Splitting
down the ridge and hinging the roof were the final decisions.
During the break, due to the existing 3.7 m (12ʼ) jig setup at the Clayton Homes
manufacturing plant, the house dimensions were changed from 6.1 m x 9.1 m (20ʼ x 30ʼ)
to 7.3 m x 9.8 m (24ʼ x 32ʼ). Also, it was revealed that a crane could not fit on the site
and place the home modules on the Superior Walls foundation; the modules would have
to be backed onto the site, placed on temporary supports, the foundation built, and then
the house lowered onto the foundation.
So, at the start of the Spring 2010 semester, the team of students (some new
and some returning), had to address the dimension changes and the foundation issues,
work on finishing all the small details and specifications, and determine all the cost
estimations. The structural engineering team which included me and a new addition, a
graduate student in civil engineering with a structural concentration, Beth Chapman,
had to make sure that the framing members could span the new dimensions and
address the foundation issues. Since cranes would be inaccessible on the site,
Superior Walls would not be an option, so we decided to use traditional .2 m (8”) CMU
foundation walls with interior CMU piers supporting the middle girder. To obtain a
similar R-value as seen by the Superior Walls, we chose to reinforce the CMU block
wall only where needed and fill the remainder of the cells with an environmentally
friendly insulation. We will achieve an R-value of 11.1 with this option. The remainder
of the class began focussing on the small details and specifications. Our job as the
structural engineers was to be available to all the team members to assist in details
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such as steel canopies over the windows, guardrails on the decks, or deck connections
to the house. The steel canopies provide shade during the warmer months to minimize
heat gain during the wrong times, and the structural engineering team was charged with
determining the required thickness of the steel and attachments to the house. During
the start of the semester, we also scheduled and met for the LEED charrette with the
Green Rater, Bruce Glanville and the results of our proposed LEED points and
corresponding certification is discussed in the following chapter.
There are many design options and iterations during the process that are not
addressed in this chapter, but as shown with all interested parties involved from the
onset of the project, the structural engineer is very involved in many different aspects of
the design and was able to achieve a greater influence. As expected, we did
experience obstacles such as communication problems and misunderstandings, but we
all managed to endure the initial hardships in order to create a successful sustainable
home.
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Chapter 6. LEED Rating Results
The LEED rating system is an effective method for judging the sustainability of a
structure and our project sought to become one of only four homes in Tennessee to
receive a LEED Platinum rating, the highest rating. Throughout the design process, the
team, led by Nick, our LEED coordinator, remained conscious of the LEED categories
and corresponding points.
The following chapter will explain LEED and the LEED for Homes rating system
and reveal the projectʼs expected rating. The chapter will also examine each LEED for
Homes category where we should receive points and how the structural engineer
contributed to those categories. This contribution will be compared to an expected
contribution in a Type A or B design process.

6.1 Description of LEED for Homes
LEED is a nationally-recongnized rating system designed to promote the design
and construction of high-performance, energy-efficient, and healthy structures (to both
the occupants and the environment) and encourages the building industry to adopt
sustainable practices. LEED for Homes is one part of the LEED Green Building Rating
Systems administered by the USGBC (U.S. Green Building Council) that specifically
addresses the residential building industry (U.S. Green Building Council 2008).
LEED for Homes is composed of eight main categories. The categories and their
corresponding maximum points are as follows: innovation and design 11; location and
linkages, 10; sustainable sites, 22; water efficiency, 15; energy and atmosphere, 38;
materials and resources, 16; indoor environmental quality, 21; and awareness and
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education, 3. The total points that are secured by a project can place the home in one
of four certified ratings, certified, silver, gold, or platinum with platinum being the highest
achievement. In order to achieve one of these certifications, the point breakdown
thresholds are as follows: certified = 45 - 59, silver = 60 - 74, gold = 75 - 79, and
platinum = 90 - 136. However, there is a home size adjustment factor that applies to the
previously mentioned thresholds. There is a square footage size for each home
depending on the number of bedrooms that is considered the neutral size and the points
thresholds are as above-mentioned. If the house is smaller or larger than the neutral
size then points may be subtracted or added to the thresholds making them easier or
harder to obtain, respectively. The maximum adjustment is a ten point addition or
subtraction (U.S. Green Building Council 2008).
The innovation and design process category encourages design to go beyond
what is normally addressed by the LEED rating system since green building and
technology is constantly evolving. Points could be obtained by employing new
technologies or incorporating an innovative design new to the building industry. Credit
is also given to designs or regional practices shown to produce quantifiable benefits to
environmental and human health or by achieving exemplary performances in one or
more of the other main categories (U.S. Green Building Council 2008).
The location and linkages and the sustainable sites categories both pertain to the
location of the home. The location and linkages category is used to promote site
selection that is environmentally responsible through its land use and neighborhood
development (U.S. Green Building Council 2008), which could mean city infill instead of
clear-cutting a forest or destroying wetlands for a new neighborhood. The sustainable
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sites category encourages the use of sustainable practices within the site once it is
chosen (U.S. Green Building Council 2008). This could mean practices such as:
building into a siteʼs topography instead of extensive cut and fill efforts, reducing
impermeable surfaces on the site, or landscaping with drought resistant and/or
indigenous plants.
The category for water efficiency is divided into the subcategories of water reuse,
irrigation systems, and indoor water use. Maximizing water efficiency helps decrease
the effect on the nationʼs fresh water and decreases the demand on a regionʼs usually
aged water and waste water infrastructure systems (U.S. Green Building Council 2008).
This can be accomplished with water efficient appliances and/or recycling rainwater.
The energy and atmosphere category is designed to create more energy efficient
homes that decrease the demand on energy created from fossil fuels and thereby
decreasing CO2 emissions (U.S. Green Building Council 2008). This can be achieved
through well-insulated homes with energy efficient appliances, the use of renewable
energy sources such as photovoltaic panels, natural lighting, or solar heat gain during
cold months.
The materials and resources category has three main components: materialefficient framing, environmentally-preferable products, and construction waste
management. Construction and demolition waste make up about 40% of the U.S.ʼs
solid waste (USGBC 2008). Material and waste efficiency can be accomplished through
utilizing embodied energy information on materials, employing a structural engineer to
design efficient framing, and drawing framing plans and details.
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The indoor environmental quality is used to ensure the health and safety of the
occupants by reducing indoor air pollutants (U.S. Green Building Council 2008). The
choices of interior finishes, allowing outside air ventilation, and/or controlling the homeʼs
humidity can directly impact the indoor air quality.
The awareness and education category is used to hopefully ensure the continued
growth of green building practices by educating the homebuyers and public on the
components (not generally seen in a traditional home) of the green home and how to
operate the new technologies that might be integrated into the house. The category
also encourages monitoring the performance of the home (U.S. Green Building Council
2008). Demonstration projects and competitions aimed at sustainability are often used
to accomplish the previously stated goals.
The New Norris House is expected to be one of only four homes in Tennessee to
receive a LEED platinum rating and our expected rating is 96.5. Since our house will be
a 71.3 square meters (768 sq. ft.), two bedroom home, we will receive the maximum
threshold reduction of ten points; so, we only need 80 points to receive LEED platinum.

6.2 Categories Influenced by Structural Engineer
We expect to receive six points in the Innovation and Design category and the
structural engineer influenced two of the six points. The Innovation and Design
category has three subcategories: integrated project planning, durability management
process, and innovative or regional design. The fact that we are an integrated design
team gave us two points in this category that would not be expected in a traditional
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design setting where all the members including the structural engineers are not part of
the team from project onset.
Although we anticipate receiving 8 points in the Location and Linkages
categories and since our particular site was donated to us, none of the team members
had influence over earning points in this category. If the structural engineer is part of an
integrated design team that begins a project by choosing a site, then all team members
can participate in ensuring that the proposed site meets the LEED criteria in the
Location and Linkages category.
The Sustainable Sites category has six subcategories and our expected points in
each subcategory are as follows: site stewardship, 1; landscaping, 7; local heat island
effects, 1; surface water management, 7; nontoxic pest control, 1; and compact
development, 0. Of the total 17 points we expect to earn, the structural engineer
contributed to 7 of those points, 6 in the surface water management subcategory, and 1
in the nontoxic pest control sub category. During the design process we worked with
the water resources group and the architects to decide on a driveway and parking area
that is permeable. The team chose a slightly elevated steel grate system supported by
footings; so, the structural engineers have to design the span of the steel grates and the
footings. Due to budgetary issues, we also designed a less expensive, but not as
permeable, option reusing concrete pavers from the existing on-site structure. The
structural engineering team and the water resources team also worked together to
control run-off from the roof. We considered a green roof, but decided the project would
gain more from collecting the rainwater from the roof, treating it, and using the treated
water to supply the house. The structural engineers contributed to the nontoxic pest
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control sub category by working with the architects to ensure that all wood used on the
house is a minimum of 0.3 meters (12 inches) above the surrounding soil.
In the Water Efficiency category, the structural engineers worked with the water
resources team on the rainwater harvesting system. Once the decision was made to
collect the rainwater from the roof, the structural engineer was responsible for designing
the support and foundation for the cistern that collects the roof rainwater. Therefore, the
structural engineers contributed to two of the expected eleven points in this category.
The project expects to earn 21.5 points in the Energy and Atmosphere category
and 17.5 of those points are earned based on our calculated HERS rating. Since the
HERS rating is determined by the expected energy efficiency of the house, the
structural engineers played an integral part in the expected efficiency by designing a
tight, well insulated envelope. The structural engineers employed the optimum value
engineering methods described previously which maximizes insulation and worked with
the architects to maximize natural lighting and ventilation, which lessens energy usage
for lighting and HVAC systems. The influence over the HERS rating is explained in
further detail in the next chapter.
The structural engineers were able to influence all the expected 15 points in the
Materials and Resources category. There are three subcategories in the Materials and
Resources category, material-efficient framing, environmentally-preferable products,
and waste management. Points in the material-efficient framing subcategory are first
earned by reducing material orders to a maximum of 10% over what is required and
then the remaining points are achieved by either offsite fabrication or by providing
detailed framing documents, cut lists and lumber orders, and by employing efficient
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framing. During the project design, we designed efficient framing members, supplied
framing documents, and were prepared to provide detailed framing orders and cut lists,
but with the involvement of Clayton Homes we are able to receive points in this
subcategory by the house being built through offsite fabrication. In order to receive
points in the environmentally-preferable products subcategory, all team members
including the structural engineers researched and tried to specify local, recycled, or
other types of environmentally-preferable products. All the team members contributed
to the waste management subcategory by first trying to determine ways to recycle
materials from the existing structure on the site and then divert materials we could not
reuse from the landfill. The team has also remained conscious of controlling the
construction waste for the house and plans to be present during the construction
process to keep as much waste out of the landfills as possible.
The structural engineers also played a role in obtaining five of the expected 16
points in the Indoor Environmental Quality category. We helped the architects achieve
the desired windows to maximize the outdoor air ventilation contributing to two of the
three points in the outdoor air ventilation subcategory. Although the structural engineers
did not design the mini-split system, the HVAC system the project plans to use, we
consulted with the team members working on the mechanical systems to make the
decisions on HVAC systems. We discussed framing members that would allow for the
passage of duct work if we chose a system with duct work, but if trying to maximize the
volume of the house, we did not have the needed depth to use such framing members
and ductwork. This among other factors made the highly efficient, multiple-zone,
ductless, mini-split system the best option for the New Norris House.
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Each team member played a role in obtaining the expected two points in the
Awareness and Education category. Each of us worked with people in the professional
community to help bring public awareness to the project. Also, the project will serve as
a demonstration project so that the public and potential tenants will be well-educated on
all the features of the home. Each team member was responsible for contributing to an
owners manual that illustrates all the key sustainable features of the home.
The summary of the LEED points that the project is anticipated to receive, and
the portions of each categoryʼs points that the structural engineer was able to influence
can be seen in Table 3 and Figure 9.
Table 3. LEED Rating Summary Chart
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Figure 9. Projected LEED Points and Portions Influenced by Structural Engineer

As shown in Figure 9 and in Table 3, an integrated design team allowed the
structural engineer to influence 52% of the LEED points. Based on the survey results
from the structural engineers described in chapter 3, 43% of the structural engineers
said that they could influence the materials of the project which would relate to the
material-efficient framing and environmentally-preferable products subcategories of the
Materials and Resources LEED category. Thirteen, (13%), claimed that they could
influence the energy efficiency of the home which would relate to the HERS rating in the
Energy and Atmosphere category. If the New Norris House was designed using a
traditional design team and was still expected to receive 96.5 points, the structural
engineers would only influence 29.5 of those points, (based on the survey results),
which is only 31% of the total LEED points compared to the aforementioned 52%
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Chapter 7. HERS Rating Results
The expected HERS rating contributes to the LEED rating of the home, and is an
excellent indicator of the homeʼs expected energy performance. An energy efficient
home is thermally comfortable, costs less to operate, and less of a burden on the townʼs
usually aged infrastructure.
This chapter will explain the HERS rating system and the program used to obtain
the expected results. It will also compare the rating of the New Norris House with the
rating of a similar house with traditional framing and minimum code approved systems.
Within the two rating differences, I will show in what ways the structural engineer
contributed to the rating of the New Norris House.

7.1 Description of HERS and Rem/Rate
A HERS rating is an analysis of a homeʼs building plans using energy efficiency
software. The result of the analysis is a HERS Index which is used during preconstruction to project a homeʼs energy efficiency. The HERS Index scoring system
was established by the Residential Energy Services Network in which a home built to
the specifications of the HERS Reference Home will yield a HERS Index score of 100.
Each one-point reduction in the HERS Index corresponds to a 1% reduction in energy
consumed by the home as compared to the HERS Reference Home. Therefore, the
lower the HERS Index score, the less energy the home will consume (U.S.
Environmental Protection Agency and U.S. Department of Energy 2008).
The HERS rating is performed by a Home Energy Rater. Our Home Energy
Rater is Bruce Glanville who performed the analysis using a software program
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produced by Architectural Energy Corporation called Rem/Rate. The program uses the
following inputs and local climate data to calculate heating, cooling, hot water, lighting,
and appliance energy loads, consumptions, and costs. The inputs for the program are:
the insulation used in the ceiling with attic, vaulted ceiling, above grade walls (insulation
and components such as sheathing, exterior cladding and veneers), all of which
corresponds to the spacing of the framing, conditioned foundation walls, unconditioned
foundation walls, frame floors, slab floors, around the ducts, the types of windows and
doors being used, the expected air infiltration and duct work air leakage, the mechanical
ventilation (such as an energy recovery ventilator, ERV), the HVAC unit, the water
heater being used, the lights and appliances, and whether interior thermal mass, a
programmable thermostat, active solar systems, photovoltaics, or a sunspace is being
utilized (Integrated Engineered Solutions 2007). The results of the analysis on the New
Norris House projected a HERS Index rating of 61 which means it should consume
almost 40% less energy than the HERS Reference Home.

7.2 Traditional Versus the New Norris House
Mr. Glanville created another home for analysis in order to compare what our
integrated design team accomplished with what might have been expected had the New
Norris House been designed in a traditional design setting using the 2006 IBC. He used
the building footprint of the New Norris House and changed the inputs to be consistent
with what could be expected on a traditional code-compliant home. The analysis of the
“Traditional, Code-Compliant New Norris House” revealed a HERS Index rating of 114.
The difference in the HERS ratings indicated that the New Norris House we designed
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using an integrated design team should use about 50% less energy than the same
house designed using predominantly code specified minimums. The different program
inputs that Mr. Glanville used for the two different New Norris Houses can be seen in
Table 4. The analyses estimate a cost reduction close to 40%; the 50% less energy
used by the integrated design team Norris House does not decrease the energy costs
by 50% due to universal service fees and charges. The energy cost breakdowns of the
two Norris Houses can be seen in Figure 10 and Figure 11.
The structural engineer was directly responsible for the design of the envelope
and the foundation which determined the insulation input for the ceilings, above grade
walls, foundation walls, and frame floor. Also, by using the optimum value engineering
methods, Mr. Glanville expected an air-tightness to exceed the average home, therefore
leading him to select an infiltration input lower than the average home. Although the
structural engineer also collaborated on the HVAC system (affecting the duct insulation
and leakage category) and the water heater as explained in Chapter 6, the categories
directly impacted by the structural engineer account for half of the energy consumption
reduction.
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Table 4. Summary of Input Differences Used for the HERS Rating Analysis
Energy Features

Integrated Design Team
New Norris House

Traditional Code-Compliant
New Norris House

Affect on Energy Consumption
(MMBtu/yr)

Ceiling

Better than code insulation,
R-50

Minimum required insulation, R-38

Decrease 0.29

Above Grade Walls

Methods of our case-by-case
analysis minimizes lumber and
thermal bridging and maximizes
insulation and allows for
continuous insulation (rim joist
and headers included)

Code framing with studs at .41
meters on center (16”) and no
insulated headers or rim joists or
continuous insulation

Decrease 3.8

Foundation Walls

Conditioned crawl space with
insulation

Unconditioned crawl space with
no insulation (traditional ventilated
crawl space)

Increase 1.3. Using a conditioned
crawl space means the foundation
walls are insulated instead of the
frame floors.

Windows

High quality double insulated
with low emissivity, better than
energy star

Slightly better than required by
code, barely energy star rated

Decrease 1.3

Frame Floors

No insulation since we have a
conditioned crawl space

Code insulation of R-19

Decrease 2.0. Ventilated crawl space
means that the floors are insulated;
so, combined with the affects of the
foundation walls, a total decrease of
0.7.

Infiltration

Low expected infiltration based
on Mr. Glanvilleʼs experience

Average expected infiltration of
code-compliant homes based on
Mr. Glanvilleʼs experience

Decrease 1.5

Mechanical Ventilation

Energy recovery ventilator

No energy recovery ventilator

Increase 0.6. Having a ERV uses
energy, but the benefits are part of
the reason for the decrease in other
categories.

HVAC

Mini-split system (allows for
different rooms to be controlled
separately)

Minimum code required of 14
SEER

Having a more efficient HVAC (the
mini-split system) contributes to the
reasons for the decreases in other
categories.

Water Heater

Instant solar water heater

Conventional electric water heater
(91% efficiency)

Decrease 2.3

Duct Insulation

No ducts in a mini-split system,
so no insulation needed

Code compliant, R-8 insulation in
ventilated crawl space

Combined with the affects of the duct
leakage; see below.

Duct Leakage

No ducts, so no air leakage

Average expected air leakage
based on Mr. Glanvilleʼs
experience

Total decrease 3.3

Active Solar

Solar hot water heater

No active solar systems

Contributor to the decrease in the
water heaterʼs energy consumption
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Figure 10. Energy Costs of “Traditional, Code-Compliant New Norris House”

Figure 11. Energy Costs of the Integrated Design Team New Norris House
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Chapter 8. Material Efficiency
As seen in chapter 7, the optimum value engineering methods has a positive
impact over the energy performance of a house, and contributes to the material
efficiency. Although a structural engineer will practice material efficiency in any portion
of a residential home in which he or she may be involved in and thereby affect the
material efficiency category of the LEED for Homes, his or her involvement from the
beginning as in an integrated design team allows for greater influence.
The following chapter will reveal the volume of lumber saved by employing the
methods of optimum value engineering as compared to traditional framing. It will also
show how the lumber volumes were calculated and explain the differences between the
two models.
Architecture student John Sasse, enrolled in the New Norris House class in the
Spring 2010 semester, created two different framing models of the New Norris House in
2010 Revit. The models illustrate the house framed using optimum value engineering
methods, as the house was designed and will be constructed, as well as framed using
traditional methods. The traditionally framed house followed the specifications in
Chapter 23 of the 2006 IBC to size some of the framing members and all framing was
placed at .41 meters on center (16” o.c.). The main differences between the two models
are seen in Table 5.
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Table 5. Differences in Traditional and Optimum Value Engineering Models

Traditional Framing

Optimum Value Engineering

2x4 studs at 0.41m (16”) on center

2x6 studs at 0.61m (24”) on center

Double 2x4 top plate

Single 2x6 top plate

All double headers have a 12.7 mm
(0.5”) plywood spacer (the double 2x
header sizes are consistent with
optimum value engineering sizes)

All double headers have no plywood
spacers, but instead use 63.5 mm
(2.5”) of insulation between boards

2x8 floor joists at 0.41m (16”) on center 2x8 floor joists at 0.61m (24”) on center
(Table 2308.8(2) (International Code
Council 2006))
4-2x12 floor girder (Table 2308.9.6
(International Code Council 2006))

4-2x10 floor girder

2x12 roof joists at 0.41m (16”) on
center (for insulation)

2x12 roof joists at 0.61m (24”) on
center (for insulation)

2x4 jack studs at all window and door
openings

No jack studs used

3-2x4 wall studs at all wall
intersections

1-2x4 at wall intersection with 2x6
backing (see Figure 12)

4-2x4 wall studs at all corners

2-2x6 walls studs at all corners with
scrap lumber backing (see Figure 12)

Figure 12. Optimum Value Engineering Wall Intersection and Wall Corner
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Once the framing models were completed in Revit, (which can be seen in Figure
13 for the traditional framing and Figure 14 for the optimum value engineering framing),
Revit can be used to calculate the volume of framing used. This is accomplished by
viewing schedules, selecting schedules/quantities, and then picking structural framing.
When this window appears, under the fields tab, select volume and add. This lists each
member and gives its corresponding volume. The members and volumes can be
exported to a spreadsheet to sum the volumes by exporting reports and then selecting
schedules. This process was performed for each model and the corresponding
volumes are as follows: the framing in the traditional model requires 9.8 cubic meters
(346 cubic feet) of lumber and the required lumber for the optimum value engineering
model is 8.1 cubic meters (286 cubic feet). This is a 17.4% reduction in lumber and the
1.7 cubic meters (60 cubic feet) difference in lumber is being replaced by insulation.
Also, not only is that amount of insulation being added, but additional insulation is being
utilized since the exterior stud walls are being increased from 2x4 walls to 2x6 walls,
therefore, increasing the overall R-value of the walls from an average of 18.5 to and
average of 24.4 as seen in Table 6.
Being involved from the beginning of the project allowed the structural engineers
to explore different framing options before the house plans and framing plans were
created, and the outcome resulted in less lumber and more insulation and higher
thermal efficiency. When the structural engineers become involved at a later date as
might be expected in a traditional design setting, it becomes more difficult to change
framing plans and could decrease the influence over material and thermal efficiency.
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Table 6. Calculation of R-Value of 2x4 and 2x6 Exterior Walls
Wall Composition --> (Interior to Exterior)

Gypsum
Wall
#1

Wall
#2

Detail
R-value
Detail
R-value

1/2"
0.45

Studs
2 x 4 studs
@ 16" o.c.

1/2"

4.38
2 x 6 studs
@ 24" o.c.

0.45

6.88

Cavity
Insulation

Sheathing

Vapor
Barrier

Clear Wall Total

Ext
Insulation
1" R-4
Rigid

Furring
Strips
2x2

1"

1.88

0.9

13.35

19.3486

18.39

11.65

17.6486

1"

0.8
3/4"
Wood

20.09

2x2
1.88

0.9

0.8

26.09

15.85

25.2708

24.39

14.15

23.5708

R-13

5/8" OSB

Tyvex

13

0.77

0.17

R-19

5/8" OSB

Tyvex

4
1" R-4
Rigid

19

0.77

0.17

4

Air
Gap

Siding
3/4"
Wood

Thru
Insulation

Improvement %

Figure 13. Traditional Framing Model

63

Summer
Thru
Studs
Composition

31%

Thru
Insulation

Winter
Thru
Studs
Composition

34%

Figure 14. Optimum Value Engineering Model
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Chapter 9. Conclusions
Although the LEED rating, HERS rating, and material efficiency demonstrate the
increased influence the structural engineer has over sustainability, it is important to
consider the projectʼs example on a macro level as well. If all new construction could
boast a 50% reduction in energy consumption, a 17% reduction in framing materials,
and water consumption that is not dependent on the municipal system, buildings could
drastically reduce their impact on the environment. Those reductions can have a drastic
influence on the percentages buildings and their construction tax the United Stateʼs
energy consumption, materials and resources, and potable water use (seen in the
introduction). Reducing the building industryʼs impact on the environment also reduces
the building industryʼs impact on a cityʼs infrastructure which decreases the amount of
money needed for infrastructure expansion.
I have learned many other lessons from the New Norris House and the integrated
design team as well. Currently there is a large disconnect between the professional
practitioners and the solely academic community, and integrated design teams are an
effective method for achieving high levels of sustainability while remaining time and cost
competitive.
I discovered two ways in which the professional practitioners and the academic
community differed, which gives credence to this type of research: the use of integrated
design teams and the focus on sustainability. Integrated design teams are rarely
attempted at universities, yet they are increasing in popularity in the professional design
community. Even if the professional community is not working in integrated design
teams, they will work together at some point during the design process. If working
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together and communication with other disciplines is expected in our professional
careers, then it should be addressed in our educational careers. As we discovered with
the New Norris House, communication was not natural in the beginning and even I was
surprised at the difficulties I experienced. Having grown up with an architect for a
father, I expected to understand the architectʼs priorities better than I did. Engineers
with no experience working with other disciplines could find communication even more
difficult. Successful projects that flow fluidly through the design process is crucial to
remain competitive in the industry making successful communication imperative and a
lesson that should be approached sooner rather than later.
Given the gravity of environmental concerns, I was astounded at how many
survey takers felt they have no impact over sustainability. The civil engineering code of
ethics was revised in 1996 to include sustainability, and classes addressing
sustainability are becoming more popular. As the academic community increases its
focus and research into sustainability, it is important that the professional community
evolves as well in order to remain competitive.
Since achieving sustainability in the building industry is generally more expensive
than building traditionally, I believe that using integrated design teams are a way to
make sustainability more cost competitive. Although costs of sustainability can be
recouped over the life of the structure through energy and water efficiency, it can
sometimes be difficult to persuade owners to invest the higher initial costs. The cost of
the New Norris House is close to twice as much as the average square foot cost of a
Type A home but well within the wide range of square footage costs of a Type B home.
The high levels of sustainability we achieved in the New Norris House may be atypical
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in the residential industry since the average homeowner may only stay in their home for
five years which may not be enough time to recoup the costs of sustainability. Even
though it is possible to have achieved the same results on the New Norris House,
without the use of an integrated design team, it would not have been as time and cost
competitive. Integrated design teams enhance communication and expedite the design
process by helping to eliminate much of the misunderstandings between professionals,
unavoidable delays encountered when the project moves from one professional to
another (owner to architect to engineers, etc), and redesigns. In order to integrate
building systems, which can reduce some of the costs of sustainability, the constant
communication experienced in integrated design teams is crucial. Until all potential
owners recognize the importance of sustainability in the built environment, the only way
design professionals can promote sustainable structures is if they are cost competitive
and/or quickly recoup their higher costs. Without the innovative designs and prompt
results of integrated design teams, including structural engineers, promoting
sustainability in the building industry can be arduous.
When trying to advocate for sustainability, it is helpful to obtain examples. The
New Norris House should continue to be monitored to ensure it is performing as
anticipated, serving as a great educational tool for the public and design community.
Also further research is needed, based on performance results, to determine the
amount of time needed to recover the initial costs of sustainability focusing on the New
Norris House as well as other LEED platinum structures.
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